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1972 fドに 「食物繊維，dietary fiber Jを “ヒ トの消化解素の作用を受けない航物細
胞の椛造残溢"とする定義を発表し， 1976年には“ヒトの消化酵素により水解され
ない純物の多糖類とリグニン と修正し，その炭取の必要性を提唱した.また，





25 g (10 g / 1，000 kcal)と設定されている1) また現在の平均的な伎取量は，こ
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組成は，付表 1 tf地および試薬液類の項に示す. )を用い常法通りに段階希釈
し， 10-2から 1011までの各希釈段階の 1mlを，基質多糖類としてアルギン酸ナト
リウム(和光純薬)，ラミナラン(東京化成)，フコイダン (Sigma).カラギー
ナン(和光純薬).寒天(極東製薬)または粉末セルロース(東洋ろ紙)0.5% 
(w/v)を含むG品 1/4濃度試験階地 (G心む/4)15 mlに接種後，ガス噴射法5l1)






























健常なヒト (n= 3.成人28および29歳，幼児 15カ月)の糞便を希釈液Aを用
いて50倍希釈し，その 1mlをラミナランまたはアルギン酸ナトリウム (AG5:分



















YMC-Pack FA.カラム温度 :50 'C.移動相:アセトニトリル/メタノール/水













肴釈段階でも pHの変化は認められなかったが， GAM1/4では 102から 108希釈
段階においてpHの弱い低下がみられた.ラミナランを基質とした場合， GAM1で










































































































































Chracteristics of polysaccharide-fermentable 
bacteria isolated from human feces 
Table 2 しかルギン酸は食品工業的に利用されているため加工食品から少量渋取される)
尚務績の中でその海藻の種類により含有豆や発酵性が異なることが考えられ，し，
VI vn V IV II I Group 
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Log nO.of viable 





































































































































GAM + BS solution 
GAM + ES solution 





GA GAM agar 











GAM + BS solutioo 
GAM + ES solOOon 














I See Table 1. 
















GAM + BS soluuon 
GAM + ES solOOoo 







































• lncubation in GAM 114 wi白 0.5% sooium必gin鉱eor laminaran und町at1Dospbereof 100 % C01 
for96 b 3137 .C. 
Tωal 
15 14 






pH Growt.h pH Grow凶
Baαeroides OV8!US HAN 5 
B. vuJg8tlJS HAN 9 
B. d~o~ ~15 
++ ++ 十十









B. ioflllis HSD 2 
B. breve HSD 3 
B. adolescenas HSD 4 
B.101，伊mHSD5
P句m町汚泥ocα;cusproduaus ATCC27340 -









Symbols:十+:stro.ngly抑制ve(lower pH or grow也promotion)，+;抑制ve，
w;we雄lypositive，一:oegative. 




Fucoid釦1 C釘噌eenan 当主 Cellu10se 
GAM 14 14 1/4 14 114 1/4 
-2 甲甲 + 
-3 w + 
-4 w + 
-5 w + 
-6 w + 
-7 w + 
-8 w 一 + 
-9 + ++ NGNG 
-10 NGNG 
-ll NG NG NG NG NGNG bπ ト庁 NG NG 
+: posi.tive.一;negative(growth posi.tive)， w; we紘lyposi.tive， NG: 00 grow泊，NT: .not test凶白
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Table S Effects of laminaran and alginate on吋owth(0.0.)， 













Substrates (2 %) 
Conlrol Laminaran Alginate・2
1.87 3.15 291 
1.94 2.98 3.26 
1.83 3.07 1.87 
6.03 4.31 5.67 
6.12 4.49 5.72 
581 4.61 5.79 
172 97 155 
223 96 168 
171 131 184 
Humanf氏自wereLncubated Wl出orw1thout polysaccharides u臼.ng
steel wool method鉱 37.Cfor 24h. 
'1 Two adul.ts( 1姐 d2)佃 done inf粗削)fe促 s.
ニ Oepolymeris凶 lowVlSCOUS( l.5cp at L % solution) sodium 心ginate(AG5) 
Table 6 ~ffects of laminaran and alginate on short-chaio 
fatty acids (SCFAs) in human fecal culture 
Substrates (2 %) 
S釘nple Control Lamin釘an Alginate 
Lactic acid 
t '区 1.98 0.37 
(mgl凶) 2 t 2.07 E 
3 0.26 1.73 0.34 
0.94 1.48 1.66 
Acencωid 2 1.36 1.28 223 
(mgJml) 3 0.69 1.01 0.59 
0.70 0.51 0.80 
Propio01c aCld 2 0.79 0.61 0.93 
(mg/m1) 3 0.44 0.46 0.34 
0.50 0.49 0.48 
n-Butyric acid 2 0.38 0.25 0.42 
(mglm1) 3 0.03 0.07 E 
See footnotes of Table 5. 
( : tra白 .
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Table 7 Effects of laminar百1aIld alginate on grow出(O.D.)，
pH and ammonia in the culture of rat cecal content 
lncubation Substcar.es (2%) 
tune Conlrol Lamin釘an Alginate 
Growth 24 b 0.74土0.04 1.21土0.07b 0.77::!::0.03 
(O.D) 96b l.74:!:0.01 3.01:土O.例b 1.78全0.04
一
24 h 5.77土0.04 5.26:!:0.lOb 5.80::!::O.03 
pH 48b 5.95土0.Ql 4.84土0.15b5.98土0.02
96h 5.96土0.02 4.42::!::0.14b 5.88:!:0.03 
Am.monia(μg/rn1) 24 b 172土21 120工 10a 186:: 10 
96 b 1687土118 800~ 14tb 1528土128
See foor.note of Table 5. Va1use are m民n::!::SDof血reerats. 
Siginificant diffぽ叩cefromcontrol， a p < 0.05， b P < 0.01. 
Table 8 Effects of laminaran and alginate on SCFAs in the 
culture of rat cecal contents 
lncubation Substrar.es (2 %) 
tune Co町 01 Laminaran Algi.nate 
Lacticacid 24 b 0.17士0.02 0.13:!:0.11 0.07::!::0.07 
(mg/ml) 96b 0.06土0.01 1.57土0.47b0.07::!::0.02 
Acetic記id 24b l.06土0.06 1.42土0.04 1.05::!::0.04 
(時/凶) 96 b 2.30土0.13 2.07:!:0.15 a 2.77::!::0.16 a 
Propionic acid 24h 0.30土002 0.46土0.08a 0.32:!:0.03 
(mgl凶) 96h l.05::!::0.05 0.29::!::O.09b 1 19:!:0.07 
s-Butyric acid 24 h 0.15:!:0.01 O.l3:!:0.01 0.14土0.01
(mgf凶) 96 b 0.29土0.03 0.09:!:0.05& O.34:!O.04 
See foornor.es of Tables 5組 d7 
Table 9 SCFAs from laminran or aJginate by strains of hUffiaIl intestioal 
bacteria 
ClOSlridillm romoslIm Bocteroides ovotllS 
Coorrol Lamloaran Cootml Lamtnamo AlglOate 
Lacllc acid(mgl凶) 0.58 2.17 0.18 0.51 0.42 
Acctic acid(mg/凶) 0.15 0.51 0.28 0.35 0.29 
Propionioc acid (mg/m1) l 1 0.30 0.~2 0.30 
Il・Butyricacid (mgl凶) 0.08 O.ω 0.10 0.09 0.10 
























し， Black et al. 78.ωJおよびHauget a1.品川}のノJ法を改変したFig.2に示す分自・法
に沿って処理した.メタノールに不溶性で0.1N塩酸中に 2hで抽出され， 75% 
エタノール中で沈殿する希塩酸抽出画分を分断 1(fraction 1 : Fl)とした.希塩酸



















え， 95tで2h加熱後， 2N NaOHを1ml加え中和した.この試料をアルミナ
TLCプレート仏lum泊i山noxidThI 60 F~~" Merck)に5μlずつ 5mrnの帯状に2"54' ...._.. _.， 1 - "'" /'^i 
置き， 2-プロパノールーアセトンー0.1M乳酸 (2: 2 : 1)を用いて距離8cmを
3田重複展開した.展開後，ジフェニルアミンーアニリンーリン酸試薬制に浸し，
100 t， 5 m泊加熱後の発色バンドを検出した.対照の多;糖類としてラミナランお
よび低分子量アルギン厳ナトリウム(AG5) を，加水分解物の対照としてグルコー
ス，フコース，ガラクトース，マンノースおよびキシロースを用いた.また，これ














た.F2は約 10'"60 %の範囲で回収された.F3は5%以下~約 50%の範囲で回
収されたが，根コンブ類およびメカプ類で特に収率が低かった.
希塩酸画分中のラミナランの検出





































































供者にもかかわらず，主に乳酸が生成された第 l節の実験結果とは異なり， Michel 









ルギン酸であると考えられる.Michel et al.67)はH加釦凶aliaelongata， L. 


















Fig. 1 The collecting areas of brown algae used in也isstudy 
Table 10 Names and collecting areas of edible dried brown algae used in this study 
Marketn佃 le(出Jap粗筋e)
Romanle田r Japanese 1偲ぽ
Japanese name Scientific na.me 
Collecting 
areas 
Rausu-kombu 羅臼昆布 L8mUlaria叩 Rausu
Risbiri.-kombu 利尻昆布 ル(a1combu L. japoni・四四• ochocenis Rlshtn [s 
品ida1ca-k.ombu 日高昆布 Micsulsh1.kombu L. a.噌usuua NGωulstu(Hidalca) 
Ma-kombu _.真昆布 Makombu L. japoIIIca Oonan 
K担 zarashi-ma-kombuJ 寒さらし真昆布 Ms.kombu L.j apoaica Oonan 
M雄i-kombu 巻昆布 L sp. Krug釘aIs 
Rausu・Ile・kombu 羅臼根昆布 L.sp. Rausu 
Hidalca-ne-kombu 日高根昆.ftj lv1it.suishikombu L. a.噌lJsuua M1tsulSht 
地 -kombu 損昆布 lll[akombu L. japonica Oouan 
Waka.me わかめ W成制le UIldaria戸nari1id8 Korea 
Wakame わかめ Wakame U. pwa凶'ida Iwate 
Wa左ame わかめ W成ame U pi.nsti1ida Naruto 
Haibosh:i-w丘ka.me'2 灰干しわかめ 陥 kame ι戸OJUi1ida N創"¥)to
ん{ekabu めかぶ Wak創沼e Upina出ida Noto 
Mekabu めかぶ Wakame U. p.inari1ida [wate 
Hoshi二.mekabu‘3 乾めかぶ ~匂k.ame u. pi.nsti1ida [wate 
Naga司h1.j:法i 長ひじき Hij注i Hizikialus:ilormis [se 
Me-hi長~ 芽ひじき fujild H.向'siiormis [se 
組出i ひじき 日I}:泳i 日:fusiformis Chiba 
占ョme あらめ .4ra.me Eis旬iabiCYclis [se 
Ka長'me かしめ Kajime EcJdonia C8va W勾una
Tsurumo つるも Tsurumo c'nolda fjjum Wajlma 
'1 Dryi.ng i.n出ewin町.‘20ヴi.ngWlth asb 3 Without boili昭姐d回出ng，
A1gae (5 g) 30 
Fraction 1 
FU!rat凶凶rougbNO.2 filter paper witb a守甘沼町











Ex町泡.ctedwi出 Meth釦 01(50 m!) for 20 min 
Residue Supernatant 
Residue 
卜加actedwitb 0.1 N hydrocbo1ic acid (50副)for 2 h 
Supernatant 




0.1 N hydrocholic acid (5 m1) Added e助制oL(200凶)
?
??





1 % N~CO] (おO凶)for 8 h 
Added diヌilledw低er(200m!) 
Centrifuged at 8，000 rpm for 5 min 
CeOJrifuged at8βOOrpm 
for 5 min 
』 。
~ 20 
Precipitation Supernatant o 



















I…」組 01(5 m1) Precipitation Dried at40 .C I 
ト-Wasb吋岡山di拙 y1etber (5副)







a b c d e f g h i j k 1 m n 0 p q r s t u y 
Fig. 3 Recovery of watet"-soluble and insoluble compounds from dried edible alg記
Fraction 1;α1lde 1arnin釘組組dfucoidan. Fract10ll 2:σude刻εinate.
Fracuon 3; illsoluble∞mpounds. 
i邸ぷヱヰ:ヱ:2∞似1;0.1川NH配悶Cαi町叩a叩ω凶ω。叩n.Fra悶∞ω。佃n叫此山2止引:1%制Na匂￠仰zよlCO∞叫~ e町mぬ伽向o叩n. Fra悶伺ωωo叫n
a広;.aw削却必却O一mbu，b;脱出二.kombu，c;脳血-kombu，d; ms-kombu (S岨.mer)，e; kanzsras.bJ 
-ma-kombu (Wincer)， t;. m.此 i-kombu，g; rauS!J-ne・kombu，h; hidska-ne-kombu， i: ne-m丘kombu.、
J;W，紘且me(Korea)，k: w.地縮e(Iwate)，1; wakame(N倒的・m;w.越Mle(Naroto;baibωhi)， 
n; mek.やu(勾ollophylof wak.制 欲No叫 o;mek，劫u(Cwate)・p;hoshi-meJcabu， q; naga判 ilci，
r; me-hijiki， s;必βki，t; arame， u; ~瓦m伐 v: ，苫町vmα















0.0 0.2 0.4 0.6 0.8 
Laminaran (%) 








Fig. 6 TLC of 0.1 N HCI extract(Fl) of dried algae 
TLC; Alminiumuoxid™ 60 F出(ル厄RCK).Eluent;:!・propanoトacetone-O.I M 
lactate(4:2:2， v/v). Detection; diphenylamine-aniline-phosphale SolUlion. 
Gl:glu∞se， Fc; fucose， Ga: galactosc， Ma; m組 nose，Xy; xylose，しm;lamlOaran. 
AI;sαjium alginale (AG5)， c: hidaka-kombu. h; Ilidaka-1Ie-kombu. p; hoshi-mekabu. 
q; Ilaga-hjiki. r; me-hijiki. s: hijiki. t; arame. U;I$urumo. 




• • • 
• • 
4・- a・a・Gl Fc Gaル1aXy Lm AI C h p q r s u 
• 
0.2 
y = -0.(わ8+0.652x 
R2 =0.994 
0.0 0.5 1.0 1.5 2.0 
-spH 
Fig.4 E丘町tof .l.am.in制nongro帆 hofαostri.dium ramosum 










Table 11 TLC' of O.lN HCI extract (Fl) of dried algae 
1:1 ~2 ‘3 
$accharides Rf c h p q r s u 
Glucose (La血n釘如‘3) 0.53 + ++ ++ 
L-Fucose 0.67 + + 
Galactose 0.35 十 t- t- t-ー
Man.nose 0.37 
Xylose 0.60 十 + 十













"1 A1uminiumoxid™ 60 F2$O (MERCK). Eluent; 2-propanol-acetoo.-0.1M 
lactate(4・4:2.v/v). D悦 C包00.;diphenylamine・組副.ne-phosphateso1uition 
"2 c; Hid.此 Il-kombu.h; }五d地 El-ne必ombu，p: Hoshi-mekabu. q; Naga判山i.r;Me也五必，
s: }五此i.r; .41涜me.u: Tsurum.o. 







?a b c d e f g h i j k I m 0 0 p q r s t u y 
Fig. 5 Fermenωility of O.lN HCI extract of dried a]gae by 
CLostridium ramosum 
See f，∞tnotes of Fig. 3 
28 
c h p q r s u AI 
Fig.7 Total saccharides in 0.1 N HCl extract (Fl) of dried algae 
$ee foolD.otes of Fig. 6. Saccharides were assayed by pbenol-sulfuric acid. 
* Laminぽ姐=100%. 
29 
Table 12 SCFAs production from O.IN HCI extraxt (FI) of dried algae 
by human fecal microtlora 
SCFAs Control Laaunar釦1 C h P q r s t u 
Lactic add (mgl凶) 0.20 1.45 0.66 0.61 0.32 022 0.21 0.21 0.58 0.31 
Aceti.c acid (mg!凶) 0.44 084 064 0.52 0.62 0.50 0.46 0.61 O.乃 0.61 
Prop仇厄cacid (mg/m.l) 0.42 048 0.53 035 0.57 0.59 0.46 0.57 0.60 0.74 
n・Butyricaαd (mg/m.l) 0.15 0.67 0.32 0.79 0.19 0.15 O.l 0.16 0.37 0.22 
pH 5.96 4.80 5.47 4.82 5.90 5.82 5.83 5.86 533 5.92 
Human fecal cultures wilh or WilhoUI 1 % 01' rraction 1 and incubated al370C ror 24 h under 1∞%CQ，. 
See footnotes of T able 11. 
Table 13 SCFAs production from fractions of ar，ωne Eisenia bicycLis 
by buman fecal microf1ora 
Sodium Arame Fraction 
SCF As (mg/ml) Co1ltro1 Laminaran 必ginate powder 2 3 
Lactic acid (mg/m1) N.D. 124 0.08 0.05 0.60 0.06 0.06 
Acetic acid (mglml) 1.24 0.70 1.74 1.20 0.83 1.74 1.91 
Propoinicぬ d(mgl叫) 1.09 0.56 1.03 0.92 0.59 1.03 1.27 
n・Butyrica，αd (mg/ml) 0.38 1.26 1.26 0.53 1.29 0.62 0.81 
pH 6.03 4.85 5.64 5.65 5.33 5.79 6.08 










































した後，モズクは脱イオン水で 3回洗浄し， 40 Cで一晩乾燥した後でそれぞれ試
験食に混餌した.Table 14， 15に示した食物繊維を含まない準精製飼料 (AIN-










の人った小試験管にとり，遠心分節 (2，220X g， 30 fin)し，血清脂質の分析に
供した.盲腸l人j容物は速やかに微生物フローラの検索， pHおよびアンモニア濃度
の測定に供した.









(NEFA; nonesteride fatty acid)はそれぞれ測定キット(トリグリセライド G-テ




3種類の非選択崎地 (EG，BL， TS)および6種類の選択培地 (LBS，BS， ES， DHL， 
TATAC， PEES)に富腸内容物希釈液を 0.05rruずつ塗沫し，嫌気培養 (EG，BL， 









1%および5%海藻食を投与した場合の各重量に及ぼす影響を Fig.8 ~ 11に示
した.コントロール食群と比べ， 1 %ワカメ食および5%アオノリ食群において体





よって増加した.盲腸重量は5%ヒジキ， 5%ノリ， 5%コンブ， 5%ワカメおよ Enterobacteriaceaeは1%コンブ， 5%メカブ， 5%アオサおよび5%アオノ リ
び 5%アラメにより有意に増加した (Fig.10) . 1%および5%ノリ食および1% 食併で千f.立に抑制された.総生菌数は5%アオサ食で有怠に減少し， 5%ノリ食で




ントロール食群と比べて有意に高かった (Fig.12) . コンブおよびモズク以外の各 食用海?築のラット直腸内フローラ及び血中脂質への影響を総合的に考祭するた
5%海藻食群において盲腸内アンモニア濃度が有意に抑制され， またコンブおよび め，各試験毎にコントロール1t下と比較して有怠濯のあった結架をTable17にまとめ
モズクでも抑制される傾向を示した (Fig.13) . 1%食ではアオノリ， ノリ， モズ て示した.
クがアンモニア濃度を有意に抑制した. ほとんど、の海藻食群において一係に糞便量の増加， 百腸内アンモニア濃度の抑制
血清脂質 がみられ， また血清脂質に対しでも一銭で， 各海藻により TCには大きな変化が認
血清TGは1%コンブおよびワカメ食を除き， ほとんどの試験食により有意に抑 められないものの血清TGおよびNEFAの抑制または抑制の傾向がみられた. これ
制されるか，抑制される傾向を示した (Fig.14). 一方， 血清TCは各試験食によ らの結果は不溶性または非発酵性の食物繊維に関する知見45-川と一致している.海
る大きな変化はなく， 5%メカブおよび5%ノリ食群で抑制される傾向があったが 務の種類によってはその乾燥体を水に戻すと，乾燥重量の約20倍もの重量になる
有意な差ではなかった (Fig.15). NEFAレベルは個体聞のバラツキが大きかった ものがあることがSuzukiet 81.
87
)により報告されており， 今回の実験でも腸管内に
が各海藻5%食により有意に抑制， または抑制される傾向であり， 1%食ではアオ おいて海務粉末が水分を吸収し膨潤したため，糞便の排他盆の堵加と腸内容物の希






























































らの 5%食は糞便重量を顕著に増加させ (Fほ.9)，盲腸内の Enterobacteriaceae






































Table 15 Components of mixed minerals and mixed vitamins (AIN-76) 
Mixcd minernJs 
CalclUm phosphate dlbasic 50 g 
Sodium chJoride 7.4 g 
POlassium cilrate monohydrate 12 g 
Magnesium oxide 2.4 g 
Manganese carbonate 350 mg 
lron (1りcitrale 似)mg 
Zinc carbonate 160 mg 
Copper carbonatc 30 mg 
Potasslum iodatc 1 mg 
Sodium selenite J mg 
Chromium (I) potassium sulphate 55 mg 










Vitamin A acetale 





































bc plated Medium 



















































Anaerobic incubation (Steel w∞I melhω) 、
EG agar Predominam anacro'bcs '¥ 1び5，・6，-7，-8
BL agar Predominant anaerobes J 
BS agar Bifidobactena ミ1 ・2・3，-5，-7ES agar Eubactena ¥ 10 




Fig.9 Effect of diets containing edible marine algae 00 fecal weight in悶 ts
KWM 
5% 





















































































。Fig. 8 Effect of diets containing edible marine algae 00 body weight gaio io rats 
The rals we陀 grouped(4 rats per group) and fed the following diet Control diet (C)， 







diel containing 1 % or 5% lujiki (H)， Mf/OrI (A)，lIor; (問、kombu(K)， wa知me(W)， 
mekabll (M)， arame (Ar). mOZlkl (Mz) and aosa (As). Fig. 10 Effect of diets containing edible marine algae on cecal weight in rats 
39 
See li∞tno(c 01" Fig. 8. 
bp<O.OI. 
Vertica1 bars represent thc stand.ard cπor of the mean. 
a p <0.05， 
38 




















































Fig. 13 Effect of diets containing edible marine algae on cecal ammonia in rats 
See f，∞tnote of Fig. 8. S% 
WM 
5% 
K C N A 
5% 
H C 
Fig. 11Effect of diets containing edible marine algae on liver weight in rats 






























































































Fig. 14 Efect of diets containing edible marine algae on serum triglycerides (TG) in rats 
C 
。
K W M 
5% 




















S問 fornotesof Fig. 8. Fig. U Efect of diets containing edible marine algae on cecal pH in rats 
40 
See f，∞lnOle 01' Fig. 8. 
h' 
5 % algae 
3 4 5 6 7 8 9 10 1 12 
Logno・ofviable counぬ/g






















































3 4 5 6 7 8 9 10 1 12 
Log no. ofviable counts/g 





The rats were grou附 (4r脳同rgroup)加dfed lhe followlng dlelS: Conlrol dicl (門).
diel con凶ning1 % or 5 %仰向(圏 )，aOllori (図)and 1I0ri (図). ._. 
Horizontal bars represcnt lhe standard eπorof the me加.
ホSigntficantdifTerence from the conlrol: a pく0.05.b P < 0.0]. 
S偲 f∞tnotesof Fig. 8. 





H A N O C K W M 
5% 5% 









































Total A N 
5% 
H 
3 4 5 6 7 8 9 10 1 12 
Log no. of viable counts/g 
3 4 5 6 7 8 9 101 12 
Log no. of vjable counts/g 





Effects of diets containing kombu. w，αkame and mekabu on cecal microflota 
In rats 
Fig.18 















Scc rootnotes of Fig. 17. COnlrol d陀lU).d同1conta.i01ng 1 % or 5 % kombu (趨).
wakame (図 )and "附bu(図 )
43 42 
1 % algae 
Summ~. <?~ effects of edible marine algae on cecal microtlora and levels of 
serum lipid in rats 
Table 17 
5 % algae 
Ce伺1Jlllcroflora We.tght of C田ω Serum 
bifido・
Diets Promouon Suppr白sion ，bactena Feces Cecum Liver pH NH、 TG TC NEFA 
Kombu 1% Enterobaaeriac回el A マ





.'v[ekabu 1 % Bifidobacteria 』‘
5% BaαeroLdac朗e




4‘ A マ マ マ
Mo:玖Jru1 % Staphylococci マ マ
5% lPepco∞ccaceae A マ
国j泳i 1% 企
5% A A マ マ マ
.40$8 1% A マ
5% Enterobaαeriac伺 e A 
4‘ マ マBaαeroldac伺 e
Aonori 1 ~形 A マ マ マ
5% h町…m 』‘ d‘ マ マ マLactobacilli 
Nori 1% 
問問「ーー 十一
a‘ マ マ マ
吉~ k t- マ マ
3 4 5 6 7 8 9 10 I l:! 
Logno・ofviab1e counts/g 
3 4 5 6 7 8 9 101 l2 





































































P< 0.05. Tbeeffeαs were sigmfic組.tlydifferent from the control of eac.h teSt (Flg. 8 ~ 20) 
企 :up or promotion.マ‘dropor suppre宮sion.
Ar Mz As 
5% 











The r.lS wcrc groupcd(4 mls per group) and fcu lhc following diet: Conlrol dicl(C). 
dlel contalning I ~or 5% hijiki (H). aollori (A).ωri (N)，加mbll(K). wakωlIe (W)， 
melwbu (M). arame (Ar)， moこuku(Mz) and aosa (As). 
VerticaJ bars reprcscnl lhc Slandard eπor 01" lhe mcan. 


































薬)，高粘度・高分子量のアルギン酸ナトリウム (HAG，1 %溶液で粘度500...，_" 
600 cp ;和光純薬)または低粘度・低分子量のアルギン酸ナトリウム (AG5，1 %溶










































盲腸内アンモニア濃度は寒天により減少(コント ロー ル食に対し約 1/2)する傾
向を， AG5により堵加 (コントロールの約 1.8倍)する傾向を示した.
盲腸内の短鎖脂肪酸 (SCFA.s) はラミナランにより増加し，特にブロヒオン酸お


























































A) ， AG5自体の pHが約 6.0であるのにpH約 6.2のラット盲腸内容物懸樹液が




















ィズス菌占有率が高い傾向を示した (Fig.24. 25) . Terada et 81.106)も健常ヒト
に分子量約 3万のアルギン酸ナトリウムを 2週間撲取させた場合，糞便中(腸
内)の bifidobacteria菌数が増加したことを報告している.SalyerS et 81.3吋 9) や本
































































Fig. 22 r:!.f~ct o~ d.iets c?n~ai~ing 2 ~ algal polysaccharides on cecal pH， 
NH} and short-cbain fatty acids i-n fel臼
See t∞tnotes of Fig. 21. 
SCFAs: short・chainrauy oclds， laclic acid (ロ)，ace(IC aCld (IJ ). 







































































国 CLm Cr Ag 
、-"
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CHAGAG5 o 'CL; er' ; CHAGAG5 
C HAG AG5 
Fig. 21 Effect of diets containing 2 % algal polysaccharides on weights of body， 
feces， cecum and li ver in rats Fig. 23 ~f~ect of diets containing 2% algal polysaccharides on levels of serum lipid in rats 
See I∞tnotcs of Fig. 11. The ralS were grouped (4 ralS pcr group) and fed lhe following diet Conlrol diel (C)， 
dicL containing:2 % lamlnaran (Lm)， cnrragcenan (Cr)， agar (Ag)， high viscous sαiium 
alginate (HAG) and low viscous sodium aJginatc (AG5). 
，Verttcal ba13represent the Sundard eπorofthc mc加
1 Si伊江icnnldiffercnce from thc control: a p < 0.05， 
勺 ロ ;cecal wall welgh(. 国 ;cccal contcnt wcighl. 
























(F泡.22))さ富腸内容物置皐の増加よって資化(盲腸内 pHの低下 (Fig.21) ， 
. . 一一-It!fL'LL//LLL/LL/LfL/LL/// /L/I//A埠
3 4 5 6 7 8 9 lOII l23 4 5 6 7 8 9 10 1I 12









を示した (Fig.25) . Effects of diets containing algal polysaccharides 00 cecaJ microflora 
The rats were grouped (4弓笠pergroup)加 dfed the following diets: Comrol diet;口，
diet containing 2 % laminaran;幽，carrageenan ;図，agar;図，high viscous sodium 
alginate (HAG);回 ，and low viscous sodium alginate (AG5) ;悶















ラミナランおよびAG5をそれぞれ 0.4% '" 8 %および 0.4%~ 10 
盲腸内フローラおよび血中脂質等に及ぼす影響を%含有する食餌をラットに与え，
こで本節では，













説法 C Lm Cr Ag 
調べた.AG5 (% of cecal contents) 
Fig. 26 Effect of low viscous sodium alginate 
(AG5) 00 pH changes by acetic acid 
aod pH value of cecal content solution 
Fig. 25 Effect of diets cootainiog 2 % 
algal polysaccharides on由e
ratio of cecal bifidobacteria to 







2.0または 8.0% (w/w) これに 0.4し，
0.4， 
A pH changes of AG5 solution by acetic acid. 。0.625mM phosphate buffcr solution (PB) 
• PB + l2.5% AG5 
s pH changes 01'ral cecal contenl solution by AG5 
111 v/tro. 
Seven to 60 mg AG5 were added into 2 ml 01' 
10% cecal conlent Solulion. Yertical bars represcnl 
the standard e打or01' lhe mean (n = 3).











































































































り， bifidobacteriaやlactobacilliも含めいくつかの菌群が抑制された (Fig.17'" 





が認められたものの，血策コレステロール (TC) に変化はみられず， 一え;， 2.0 % 
以上のAG5i昆餌濃度で血策TCは有意に減少した.高密度リホタンハク質コレステ


































の炭取ではHDL高用虫 (10% w/w) に対しては有用であることが示されたが，
下痢10%AG5食の場合，の割合の減少が示されたため注怠を要すると考えられる.
，品岨ιー幽“










. Ow.，. 岨 ι4品叫
ε9 -0 0.4 2.08.0 
Laminaran 
(%) 
'品岨ιー“o 04 2.0 10 
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Fig. 27 Effec~ o! die~. co~ta~ning laminaran or low viscous sodium aJginate (AG5) 
on weights of body， feces， cecum and liver in rats . 
ラットが 1日に本実験で有用性を示した食餌中に0.4".; 2.0 %という濃度は，る.
20 ".; 100 g / 体重の1/10の試験食を摂取するとして体重当たりに換算すると，
RaIS were grouped (4 rnlS per group) and fed lhe control dlel (C)， dlel∞n凶 ngO.4
l080r 10% laminurnn or lo¥' VISCOUS Sαlium algmale (AG5: 1.5 cp al 1 % Solullon). 
Vartical bars repr，回entlhe standard cπoroflhe mぬn.
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Jき吋:l 0 0.4 2.08.0 
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Fig.28 Effect o! d.i~ts contai~ing laminaran or low viscous sodium alginate (AG5) 
on cecal pH， ammonia and levels of plasama lipid in rats -
See f，∞Inmcs of Fig. 27. TG: lrig1yccrides， NEFA; free falt)・aCfds.TC: 10ω. 














to tatal 粗摘出した木溶性(発静第 l章の実験で22種類の褐謀類の乾燥製品中から，

















































盲腸(AG5)が，与した実験ではラミナランおよび低分子量アルギン酸ナトリウムFig. 29 Effects of laminaran on cecal microflora in rats 
内フローラに対してbifidobacteriaの菌数やその占有率を増加させ有用な影響を持
See fl∞tnote of Fi g. 27. 
第 2章で6種類の褐藻類の乾燥粉末そのものをラットに一方，つことが示された.






メカブ以外の褐藻類ではの5%食の場合はその影響は海藻種によって異なったが，。g・0--<>"ーや e . ーσ'Y ドザA 多糖類だけでは説bifidobacteriaや lactobacilliを含むいくつかの菌群の減少など，












o 0.4 2.0 10 
Total 
E品岨4 占岬
o 0斗 2.010 
E岨叫ー山岨




o 0.4 2.0 10 
Staphylococci 
E叫昌司品岨























o 0.4 2.0 10 
???




海藻 5%という量はその膨潤性87)から考えて日常的な妓取量ではないと思われ， . 】 4
o 0.4 2.0 10 
ト圃....... 
o 0.+ 2.0 10 
最近では健康食品などとして海藻エキスや部分精製品が商品化されてしかし，る.AGS concentrdtion (% w/w) 













第 1章第2節と同様に Fig.2に示す分画法に沿ってアラメから 0.1N塩酸函分
(F1 :粗ラミナラン)， 1 %炭酸ナトリウム画分 (F2:粗アルギン酸)および不溶
性画分 (F3)を粗抽出した.第2章と同嫌にTable14に示した組成からなる準精
製飼料をコントロール食とし，これにそれぞれ乾燥アラメ 5%に相当(アラメから




































糞便重量はアラメ粉末 (A)， F2 (炭酸ナトリウム画分;主にアルギン段) およ
びF3(難溶性画分) 食により有意に増加した.Fl， F2およびF3の摂取による糞
便重量の増加重(コントロールとの差)の和は2.15(g /臼 /4匹)であったのに対











































































重量とアンモニア濃度は相関しているように思えるが明雄ではなく (Fig.9， 13) 
また第3章の実験において5種績の海藻多糖類をラットに炭取させた結果にはその
























































































































M M C 大きく異なることが示された.
Fig.31 Effects of polysacch釘idesand methanolic extract of arame 
on body， feca1， cecal and liver weight in rats 
アラメに限らず海藻中の低分子の生理活性物質について多くの研究が行われ，
The rats were grou戸d(4 rats per group) and fed the following diets: 
Control diet (C). di巴i∞n凶凶ng5% arame (A)， 0.75% ofO.lN HCJ extra(;t 
(Fl)， 2.2% of 1% NaCOj ex回 ct(8)， 1.5% of insoluble contents (F3) and 
methanoLic extract eq山va1entsω511もarame(M). 
Vertica1 bars rcpresent lhe standard eπor of lhe mean. 
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0 C M 
Fig.32 Effects of polysaccharides and methanolic extract of αrame 
00 cecal pH， ammonia and leveIs of plasma lipid in rats 














8acteroid.aceae Eubacteria PeptococC8ceae 1 b 1 1I 
10 10 LO 
9 9 9 
8 8 
8 
7 7 7 
6 6 6 
~ 
5C A FI F2F3C M C AFIF2F3 Cルf
Bltidobacteria Lactobacilli Streptococci !I 1 
IU 1 10 10 1 y 
9 9 10 
8 δ 8 9 
7 7 。
6 6 
コCAFIF2f3 5C A Fl F2F3C M コC AFJ F:!F3 CM 
Enterobacteriaceae Total Ratio of bifidobacteria 




8 8 ~30 
7 7 20 
6 6 10 
5e AFl F2F3 CM コC AFl F2F3 CM o C A Fi F2F3C M 
Fig.33 E質問ofpolysaccharides組 dme出組olicextract of 翻 meon
ceca1血iaof!orain rats 
See footnotes of Fig. 31. Values are m田nof log no. ofviable COU1出土SE.
2.5 r 7.0 
2.0ト __，-y 6.5 
[，51 " 6.0 S ME 
z 5目5。1.0 Q， 。 5.0 
0.5 
4.5 
0.0 0 12 24 36 -48 。12 24 36 -48 
Incobation time (h) 
Fig. 34 Effect of arame methanolic extract on lactic acid bacteria in vitro 
Bifido何CUriumbtFdurn-8.breve aI1d tactobrUNIts acidophiHGs were 
lnCU凶吋inGAM1I2 (0.5% glucose) wi出(→ー)or wo山oul( -0-) 












































ラミナラン(東京化成)を 2.0%含むG必 tfl/2を試験管に 10ruずつ調製し，
前培養したC.ramosωη または B.ovatusの菌液を 0.4rnlずつ接種した.スチー







6. 12および24h後の培養液を逮心分離 (10，000rpm X 15 rnin) し，上前につ






培養液中の単糖， て新および二橋穎を活性炭吸宕クロマ トグラフィ一切 を川いて
確認した.すなわちクロマトグラフ用活性炭ぷ(和光純薬)を充填した7mrn X 
130 mrnのカラムに試料0.5mlを注入し，移動相としてO.5， 10および 15% 
(v/v)エタノールを順次30ロU流し，熔出液を 2rruずつ分取し，フェノール硫隊
法制により糖を検出した.*な組紡t副詰!5i猿煩iの打抗杭s;p1
























t~益後の濁度から判定した結来を Table 18に示した. C. ramosωnを崎益して12
h後の生成物を 11株中 7株が.24h後の生成物を 11株中 8妹が利用能を示し，
24h後の生成物がより強く腸内菌の発育を促進させた.特に Bifidobacterium 
bifi・dum.B. adolescentis. Enterococcus faeduIn， Peptostreptococcus 
productusなど，乳酸を生成する的if1!に強く発酔され，発育を促進させることがぷ








(Fig. 29. 33) .また，同様の影響が低分子主主アルギン酸ナトリウム(AG5)でも








































































18 24 12 6 その分解歯として C.rmη05山刀をそれぞれ l種類ずつ物繊維としてラミナランを，












18 2.J 12 6 12 6 
Fig. 35 Effects of laminaran on出egrowth of Clostridium ramosum 
and Bacteroides ovatus. 
; Incubatel in GAM 1I2 withoul saccharides. 
， IncubaLed in GAM Ll2 with 2% laminaran. 
-0-
・ー-
Table 18 Utilaization by intestinal bacteria of degraded produc臼from








Di・0.8 Incubation time of C.周mosumin GAM 1なwkb2% lam血 釘叩






















120 l∞ 80 60 
ml 
-Kl 20 
Fig.36 Activated charcoal chromatograpby of mono-、di-叩 dtri-saccharides 






0.5 ml of 12 br 印刷re(.. )姐d24hr印 i回同(-<> ) were cbar宮edon凶e
aαivateo clarcoal column (7 X 130 mm) and eiuほdwi凶 O~ 15 % e凶anol
(0.5副Imin) 
Saccbarides in fractions were deteαedby白epbenol-su1furic mer.bod. 
++ 
十
Judged from bactぽia1grow出i.nt.be medium. compar泊gto出atw.itbout saccharides. 
w眠;mor陀e白姐t凶he“雪細e刊op戸tic叫必d白ensiりtya叙[60∞O.am.(ρO.D.)， +七;mor，陀e白如 1.5times O.D. I除ev刈e剖1，. 
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olher b以川a --....... ( Energy supply t ~ l ~…on agalOst infection I Supprぼお10nof pUlrefaction 
‘出，dω"C1nogenesis
Short-chain fal¥' acids 
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o 12 2-+ 36 必~ . 0 12 2斗 31l48 0 1 2 436 48 
7.0 
|向rmen帥
6.0 σi伽 10suppl} :) 
55 Fig. 39 ~~a~inab~e ~ffe7ts o_! laminaran intake on the host througb 
the intestinal microflora. 。cn向 aleffccD I Harmful eti似5.0 n ..，..，.，'" " 5 0 Ia ・・・ 50o 12 24 36 ~， _， v 0 12 24 36 48 ~ v 0 12 2-136 48 
Time (h) 
Fig.37 Effects of degraded products from laminaran by the action of 
Closrridium ramosum on出egrow出 ofintestinal bacteria 
which can not utilize laminaran 
Test media had b配 nadded with ceU-free cultures of C ramosum in 
GAMll2 broth w注blaminaran for 0 b:ーー +一 ，6h: -ー ，12h: ~一
組 d24h: 一+ー
Low viscous alginate (AGS) 
... 
Bile acid excrelion 






¥ 。 Mono-and oligosaccha吋d回 Short-cbainfaltyacids 
. /'ノ↓ 寸tmenubled1ml
肝'Omolc く初(Ú)bac(e;i~1I spp) ~ 
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Mannuronic acid block Guluronic acid block 
Alginic acid 
Laminar剖1(β-1.3・glucane)
Fig.38 Structures of laminaran and a1ginic acid苅町
Fig.40 Imaginable effects of low viscous sodium alσinate (AG5) 








































































































Study on Effects of Edible Algae and AIgal Polysaccharides 
on lntestinal Microorganisms 
Takashi Kuda 
Some brown aJgae. [吋 algacand grcen algac have been consumed as manne li∞ds In Japan from olden 
tlmeS.1【iswell known thal aJgal polysacchan<.les (dletar下日bers)have good effects on human hcallh. such as thc 
lmprovement of conS(lpauon. the suprcssion 0" b[oωllpld level and the excrellon 01 tO."lC com凶unds.On the 
olher hand. the effects of aJgωpolysacchandes on the InteSlJnaJ mlcronora is not well known. though dletaη-
libers have been consldered to arfecl hea.lth Ulrough the acuvJty of inlesunal mlcronora. 
Trus srudy was carned out 10 detemlJne lhe cff，舵tsof manne algae祖 dalgal polysacchandes on the JOtesllnaJ 
microl1ora and Inle:;lJnal cnnronment. The oUlhnes of lhe stud) a陀 asfollo¥¥"s. 
1. Fennentation of AlgaJ Polysacchandes by (nlesunal Bactena inνitro 
1・l.Fennentauon of Alga.l Polysacchandes by Human InlesllnaJ Bactena 
DJlutions of human feccs werc lCSlCd for thclr abJ!ity 10 fennent polysacchandes (alglnate. (amJOilr.lt， 
rucoldan， cむrugeenan，agar and cellulose)・Alginateand lamlnaran. espeClaJly 1ωmnaran. wcre fermenled b) 
re叫 microl1ora.although fucoldan. carrageenan and ccllulosc were nOl fennented. sUiCeroides ovalUS showcd 
lhc abiliryωfcnnent aJginale. B. 0ν'GfIlS nnd somc Clostridium spp. fennented laminamn. 
1・2.Fennentable D1etary Fiber in Dned pr凶uctsofBrown Algae 
The content of fcnnentable dletary flbers. lamlnaran and algInate・in2~ dncd pr'ωucts of brown algae机cre
studled. After ¥¥'ashlDg川 thmethanol. 0.1 :-.J hydrochlonc aCld fracuons (Fl: crude larrunaran and fucoldan)， 
l%sαlium carbonale fract10ns (F2: crude aJglOute) a.nd IOso1uble fractions (8) ¥.e陀 e"lractedfrom the aJgae 
uSlng ethanol preclpltatlon mClhはl.FI. F2 an<.l 8 ranged from about one 10 2:! C(. 10 to 67勺 andlhree 1059 %，
res戸ClJ¥'cly.01' dry maucr. Laminaran was delecled In three products by bloぉsa}uSlOg Clustridwm ramo:mm. 
Lanunaran conten【waslhc hlghest 10 arame Eisl!flia bicyclu. Fucoldan机辺 nO【detectecJ10 arame b¥ Tしc.
FermentaHon panem of円 andF20fαraml! b)・humanfecωOora were slmdar ωlh以 oflammarun and alginate. 
res戸cu¥'ely
2. Dlctary Effecl.S of Edlble Algac on Cecal Mlcrol1ora and しe¥elsof Blood Llpld In Rats 
To examlne the dJele1rγelTccts 01' Olnc c<.liblc a[gae (hijiki Hiこikiujusijorrfl!. kombll Lumuwria sp， wukame 
Ulldanu pi仰 Iルia.mekubu (話porophyll01' U. pillatifid，α)， arαme. rnoこlIku(okinawa'IlI()"4.lIkl Chulosiph仰
ok仰wrumι~). ao.w (hiIOI!t:"sa Monrwromalliμidum)， (l()nori Entemmorplw ~p. and lIori (umunorl Porphyra 
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sp 倒的cInleslinru mlcrol1om and恥 fc¥els or b((鳩山Pld，lhc dl臨むon凶 nlngone釦 dlive % 01" lhe総aJgae
仇crca<.lmmls(εre<.110 m剖crats for one week. AII ollhc <.IIcLSα別凶nlngaJgac Inc陀asedlhe wClghl of fcccs. 
ル!OS(01 Ihesc aJgae suppressed Ihc Icvcl 01 "，crum tnglyccndcs (TG)卸 dlr閃 lanyaclds (N臼ヲA).The number 
of blfidobacteria incrαlSed wllh the dlcts conuunJng I匂 algac，whlle sevc日IdieLS conlaimng 5% algac 
supprcsscd some凶ctcrialgroups. 
3. EffccLS of Algtll Poly阻ccharides(DieωηIFibcrs) on Cecal Microl1ora and Levels of Blood Lipid in RULS 
3・1.EITccts of Algal Polysacchandes On Cccal Microl1ora and Lcvcls of Blood Lipid in RaL'i 
To dcterminc Ihe effects of algal polysaccharidcs (Iaminaran， carrageenan， agar， high viscous alginatc (HAG) 
and low VISCOUS a1gmatc (AG5)) al:!% Icvcl on lhc IOleSlinal mlcrollora and levels ofblood Itpld， thcsc dlCts 
wcrc udmlntSlered (o maJe raLS lor a week. LamlOaran and carrageenan IOcreased the cecal welght Lamtnaran 
d∞r凶 scdlhe ce叫 pHvalue. whlleロrmg偲 nanand agar ral回dce伺 1pH value. No 幻g11lfIωnlcffecLS were 
shown in Iheωse ofHAG diet， whlle c町aJpH vaJue. scrum TG， and serum choleslerol(fC) dearJy tJropμdlO 
thc AG5 diel. Laminaran and AG5 had tcndcncy to increasc thc ratio of bifidobacteria to to凶 cecalmicroOora. 
on Ihe olher hand， c釘Tageenanhad tendency 10 decrease Ihe ratio of bifidobacleria CaIr.lgeenan incrモ晶ed山c
numberof cα泡1entcrobactcriac回e.Agar dccreおcdthc num民rof cnterobactcria白血・
3・:!.EffecLS of Dietary Concenlral:Ion of Laminaran and Depolymerised S吋jumAlgmate on Ral Cecal 
Microllora and Levels 01' Blood Upl< 
Thc dlets con凶 ning0.4， :! anu 8 9o of lamlOuran or 0.4， :! and 10 % 01" AG5 were admlsis【ered10 malc ruts 
r or onc weck. The dietsωnlaining 8 and 10 % of thcsc凶ysacchandcsdecreas叫凶iyweight gain. The dict 
じon凶 OIng10 9もAG5increused fecal weighl. Cc叫 1wcights incrcased dcpcnding on the dose of lhc 
問 Iysaccharides.LiYer weighlS d民 rαほddepending on dosc of AG5. CecaJ pH valu邸 werethe lowesl at 2 qあ
polysacじharides.Eight % laminaran decreased ceι泌 ammoniaPtasma TG decreascd depending 00 dose of thc 
polysacch.andes・AG5d町 reぉedpl出 maTC. High denSll}・lipoprotcincholeslerol (HDL) of pl出maincreased by 
lhe diets conlalnlflg 8 % laminaran and 0.4 % AG5. Ratio of ceca1 bifidobacteria 10 total bactcria Wぉ thehighcst 
atbo白of0.4 ~ polysacchandes. 
4. EI仔ecLS01・CrudePoly回cchandesand Melhanolic ExtracLS of Arame on CecaJ Micronora and l.evcls of 
BloocJ Lipld in RaLS 
DleLS con凶ning5% arame powder (AP) (whose contcnt IS脳)high for normal intakc)， 0.75% FI. 2.:!% F2 
and 1.5% F3 of arame， that a陀 respectivelydosc cquivaJcnts to 5% of AP， were administered to maJe rats for 
one w閃 k.AP and F2 i ncreased f ecal同 ighl・AP，FI antJ F2 increased cec叫 weighl.Fl lowered ccc必pH.AP 
dccreascd cccaJ ammonia. Plasma TG was supprcsscd by AP， FI and F3. Ft， F2 and F3 incrcascd cccal 
bjfidobaclcria. and FI increased lactobacilli. AP did not ch制 gethe number of bilidobacteria and decrcascd 
lactobacilli. MClhanolic CXlracl 01' llrame (dosc equlvalcnts to 5% of A内hadrcndency to decrease ceω 
bllidobaclena and lactobacil1i In raLS. The mcthanohc eXlraCI supressed山egrowth and fermentaUon 01' 1出 tlC
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aCld baclcna (mixcd cullurc 01 Bificlohaclerillm bijidlfl11. B. brevt' andμlCω加cilfUJacidophilu ) ilvifro. 
5. Effecl 01' DegmdeJ prωucL'i 01' Laminumn b} Closlridium ramosum on山cGrO¥¥lh 01'Intcsllnal 
Baclcria 
Degraded producls 01' luminamn by Lhc aCUon ()( Closlrid;um ramosllm wcrc studlcd for thclrじonsutucnt 
mono-. di・andln-sacchandcs by ω(lvc car恥ncolumn chromatography. Tn・5はcchandcwa.，> Jctcclcd In 2勿
l釘ninamn-containing GAM brolh cullurc which was JOcubrued wJth C. rCUIlOSlIlIl for 1:2 h. Mりntトanddト
saccharidcs wc陀 delcctcdin 24 h cllturc. Among 1 struins of aUlhcnlic mleslinal buclcriu whichじはnnOl 
fermenllaminurdIl， 7 and 8 s刷 nsutili/cJ Ihc formcr and Ihc laller products. rcs戸clively. Partlcllarl)・thc
gro¥¥'lh of lactic acid-Or aιcuc acu.l・formlng加clCnasuch a<; some可伊ci回 01'Bifidobaclerilll1l and 
EnterococclIs W<lS promotcd by lhcsc dcgmdcd produc岱.
These results Indlcatεthal fcrmenlablc伊Iy鈎cchandesin aJgac訂cuulized b)・叩megroups o{ IntcsllnaJ 
baclena induding BifidobacteriulIl aJ-ter bclOg degraded by polysaccharide-utilizmg baclena such as 
Bacleroides ovalus and Closlridillm rallωwn. Inι:rcasc In tbe number of bitidobactcna 10 IOtestlnc IS thouゆl
to be prolilabJe. Fu口hcrmo陀， Jl ¥¥ <lS IOdicated from Ihe rcsulLS of ex戸口mcnLSil vivo ¥ i山HAGand AG5lhal 
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Table A・1Eff~cts of_ diets containing 1 % hijiki， aonori and nori 
on body， feca1， cecal and liver weight in rats 
ジフェニルアミンー アニリ ンー リン酸試薬問
Conrrol Hijiki AOllori Nori 
[nitlal body weight (g) 10o+6*1 105士6 106土2 98土6
Bωy weight gain (g / 7 days) 50士7 51土4 53土10 53土2'ヲa … 
FecaJ weight (g / day J 4 raLS) 
a a --- !}1r>:2 
1.24士0.442.24土0.442.92土0.68 2.伐ヲ土0.32
Cecal weight (g / 100 g body weight)し24土0.33 1.03主0.22 1.30土0.14 ト22土0.23










本1Values are mcan:tS.D. o[ 4 rats. 
勺 Signiticantdiffcrence [rom lbe control : a pく0.05;bpく0.0l.
TS agar 








Table A・2Effects of diet containing 5 % hijiki， aonori and nori on 
body、fecal，cecal and Jiver weight io rats 
Control Hijiki AOlort Nori 
InllaJ bod) ¥¥clght (g) 91 :t 3 92:! 3 93 : 3 91土5
B伐jywClght gulO (g / 7 days) 
Fccal welght (g I uay 14 ralS) 
41:t2 46土6. 54土5b. 56土13
Cccal wClght (g 1 100 g body weight) 
Ll¥"cr机'Clghl包I100 g body weight) 
1.24土0.284.侃土1.56-6.56:t O.お 3.08土o胤)b
0.91士0.07 1.71土0.37a1.36jι0.33 し62土O.30b
6.15:t0.90 5.42:t0.58 5.mヱ0.59 4.36土0.59a
See [i∞InolCS ofTablc A-1. 
Table A・3Effects of diets containio!! 1 % kombu. wakame and mekαbu on b . .'" .__....... 
body， fecal. cecal and liver weight in rats 
Conlrol 
lmtial body 帆~g~ (~ a土3
80dy welghl gatn (g 17 days) 34土9
Fccal weighr (g I day / 4 roω) 1.40土0.22
Cccal welght (g / 100 g body w創ght)1.30土0.25
LI¥'cr wcight (g I 100 g body w白ght)5.55:tO.79 





1.46士0.35 1.35土0.2.3 1.40:t0.25 
552:t0.27 5.32工0.184.99土0.32
Table A-4 Effects of diets containin!! 5 % kombu. w，αkame and mekabu 00 
0 ・
body， fecal， cecal and liver weight in rats 
Conlrol 
Iniual以>dywelght (g) 1∞主6
BαJy wcighl galn (g 17 days) 32:t6 
FecaJ weighl (g 1 day / 4 ro凶) 1.80:t0.39 
Cccal welghl (g / 100 g body weight) 1.59土0.13
Li¥'er ¥¥elght (g / 100 g body weight) 4.75土0.23
Sce f OQlnOtcS of Ta bl e A -1.
Kombll Lγαkame Mekabu 
97Z4 96土5 95=4 




Table A-5 Effects of diets containin2 1 %αrame. moこukuand ωsa on o . 'V -， -~.._， 
body， fecal、ce叫 andliver weight in ra臼
Conlrol Arame Moこ1仰 Aos，α 
lmtial body帆 clghl(g) 87:t2 
80dy weighl galn (g 17 days) 52:t4 
FecaJ weighl (g I day I 4 r.tlS) 1.40土0.22
Cccal weighl (g / 100 g body weig.bt) 1.30土0.25
LI¥er wClght (g / 100 g body weight) 5.55土0.79







Table A・6Effects of diets contaioing 5 %αrωnt:. moこukuand aosU. on 
body. fecal， cecal and liver weight in rats 
Control Aralle ，"vfoこ1/.;1 AO.m 
Inltal加dy¥'clght (g.) 86j二6 87:!:3 87:t3 86二0
8(x1y wClght gain (g I 7 days) 
Fccal weighl (g /山1)'14 raL<;) 
Cccal wClghl (g / 100 g body weJght) 










4.51土0.12 4.85土0.275.3 1 :t0.63 449:!:O.02 
Sce f，∞tnotcs 01' Tablc A -1 . 
Table A・7 Effectsof diets containing 1 % hijiki，αonori and nori on the 
cecal pH、cecalamrnonia and leveJs of serum lipid in rats 
Control Hijiki AOllori Nori 
Cccal pH 7.67土0.36円 7.66二0.29 8.01:t0.Q9 7.84工0.04
CccaJ ammOnl:t (μg I g) 1141土67 967:t 198 657:!:9Sb勺 699土145b 
Scrum TG (mg / 1∞mり 130:t26 99土17 56:!:25 a 69土17a 
Scrum TC (mg I 100 mり 102土9 98.:t3 I:! 1士山 94二4
Scrum NEFA (μEq 11 ) 301ヱヌ} 370= 120 115ヱ78a 147土58a
本IValues are mean主S.D.of 4 rats. 
勺 Significantdifference from the∞ntrol: a p < 0.05. b P < 0.01 
TG;凶glyぽrides.TC; total cholesterol. ~FA; freef鉱tyacids. 
Table A-8 Effects of diets containing 5% hijiki，αonori aod nori 00 the 
cecal pH， cecal ammonia and levels of serum lipid in rats 
Conlrol 同;iki AOllori Nori 
Cecal pH 7.62:t0.26 7.76士0.11 8.58士0.1~ 7.48:t0.29 
Cccal ammonlu (μg I g) R60土41 442土64b 269士97b 413士55b
Scrum TG (mg I 1∞ml) 167土20 65.:i3Sb 80土19b 80:t38 a 
Scrum TC (mgパ∞mり 96::!:8 79土10 86土8 74ご 20
Scrum NEFA (/.1 Eq 1 ) 530:t33 314=:60b 233土nb 378土215
See fooolOles of Table A-7. 
Table A・9Effects of diets containing I % kombu， wakame aod mekabu on 
the cecal pH， cecal ammonia and leveJs of serum lipid in rats 
COnLrol Komhll もVllkame Mekabu 
Cccal pH 7.52:!: 0.36 7.96+0.29 748土0.17 768:!0.06 
Cccal ammonta (μg / g) 595土136 478:! 153 5“〕土57 448:t 128 
Scrum TG (mg I 100 ml) 125土26 124士7 110:t 13 76:t 1 
Scrum TC (mg 11()() ml) 100土12 79:! 17 96二9 l∞:!Il 
Scrum NEFA (μEq 1/ ) 231 :土24 172:t0 a 174土46 222二68
See footnoles of Table A-7. 
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Table A・10 Effects of diets cootaining 5 % kombu， wαkame and mekabu on 
tbe cecal pH‘cecal arnmonia and levels of serum lipid in rats 
Conlrol Komhu Wakamピ Mekabu 
CcωpH 7.58←0.30 7.61土0.34 756:r.0.'27 7.38:t0.66 
Cccal ammonia (μg 1 g) 気温B:t78 394+139 1l0:t62b 186土213a 
Serum TG (mg 1 1∞ml) 165土41 138:t36 80土48 86土ヌ)
Serum TC (mgパ∞ml) 77土27 64+8 80土16 51土18
Serum NEFA (μEq 1I ) 512土l却 252士43a 292土119 285土120
See footaoLes of Table A・7.
Table A・11 Effects of diets 1 % containing arame. moこukuand aosα00 
tbe cecal pH. cecal ammonia and levels of serum lipid in rats 
Control Arame Moごukll Aosa 
Cecal pH 7.60土0.29 7.38:tO.16 7.94土0.13 7.56:tO.52 
Cecal ammonia (μg 1 g) 529土114 492士108 299:t 1013 493:t 124 
Serum TG (mg I 1∞mり 153土8 140:::61 117土1& 111二38
Scrum TC (mg I 1∞mり n土12 75土10 n土8 73:t6 
Serum N官FA(μEq /1 ) 3~:t 138 408土281 313:!83 243T102 
See footaotes of Table A・7.
Table A・12Effects of diets 5 % containing arame. moこukuand aosa on 
tbe cecal pH. cecal ammonia and levels of serum lipid in rats 
Control Arame Moごuku Aosa 
Cccal pH 7.03土01 6.59:=:036 7.00:1:0.25 7.59土0.1b 
Cecal ammonia (μg I g) 741土205 280:t 119 a 676土425 312土843
Serum TG (mg J 1∞ ml) 191土31 133:t173 140土32 55:t29b 
Scrum TC (mg I 1∞mJ) 邸主21 74土10 85:t8 101士11 
Scrum NEFA (μEq /1 ) 576土142 289土35a 273土78a 365:t75 
See footaotes of Table A・7.
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Table A・13Effect o_f d~ets ~ontainjng 1 % hijiki， aonori and nori 
on cecal microflora in rats 
Orgrullsms COnlrol 日ijiki AOllorr Nori 
Bacleroidaceae 11020 r1 109二0.3 110:02 10.9:t0.2 
Eubactena 93土1.5 9.5:t05 96:!05 1O.0:t0.7 
Pept∞occaceac 9.6土0.8 9.8:t0 7 101土05 10.0土02
B i fdobactena 8 8:t 1.0 9.9:t 0.2 9.6:t 1.1 10.4土1.1
しactobacilli 7.9:t 1.9 8.9:t 2.3 9.1:土L5 9.6土2.5
Slrcptoc∞ci 79±0.63*) 288±12 7.6土0.5 7.2土0.8
Sr.aphylococci 4.0:t0.6(3f 3.6:t0.4(J) 4.2(2) 3.5(2) 
Entcrobactcriaceae 9.4:t0.4 9.6:t 0.5 8.6主0.7 8.5土1.0
Closlridia 9.1(2) N.D~3 N.D. N.D 
To凶Iviablc counlS 11.1 :=0.2 1I 1:=0.2 11.2:-0.2 11.3 :t0.3 
Ratio of bifidobacteria [0 
total viable counts 1.5土1.8 6.7土3.1 8.1 :t 8.4 25.8:t25.3 
調"一Valuesarc meanj:S.D. of log bac即刻countspcr g cc凶∞ntentsin 4 rats. 
. Number of subjeCL'l wilh organisms delctcd. 
竺3NOl detected. 
Table A・14 Effect of diets containing 5% hijiki. aonori釦 dnori 
on cecal microflora in rah 
Organisms Control 出~iki AOlori Nori 
8acteroidac芭ae 9.4士0.4 9.5士0.4 9.2土0.1 10.0土0.2
Eubacteria 8.7主0.9 9.0土0.9 7.6土I.l 9.3土0.8
Peptoc∞ca田ae 8.8土0.9 8.1土1.4 7.9:! 1.1 8.8士1.4
Bifido国cteria 8 1土0.5 8.1土1.2 7.5:t0 9 9.5:t0.63 *1 
Lactobaclli 9.1 :土0.5 7.7-x.1.8 7.9+043 9.4土0.7
Streptぽ∞C1 6.9土0.3 6.6土0.5 6.4-x.l.l 6.7:t0.4 
S凶phyl∞∞心i 4.6土0.9 4.1土1.0 4.0土0.5 4.0:t0.4 
Entcrobacteriaceac 7.9土0.5 7.6土0.6 6.4土0.1b 8.0:tO.3 
Closlridia N.D. N.D. 6.8 (2) 8.6 (1) 
Total viable counts 97士0.3 9.9:t0.4 9.4:tO.1 10.5土02b
Ratio of bifidobacteria to 
total viable counts 5.1 :t5.2 9.2二17.2 43土5.9 15 6:t 11.1 
See fOOlnOleS ofTablc A-13. 
* I Significant drff，巴rcnccfrom lhe cOnlrol: a p < 0.05; bp < 0.01. 
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Table A・ISEff ect of diωcontaining 1% kombu， wakame and Table A・17Effect of diets containing 1%αrαme.・moご、uku and 
mekabu on cecal microf1ora in rats αosαon cecal microflora in rats 
Organisms Control KOlflbll Wakame Mekabll Organisms Conrrol Arame Moこukll Aosa 
8actcroldaccac 10.9主0.2 10.8土0.2 10.6:t0.3 10.7:t0.3 8acteroaJaceac 10.9:t0.2 11.0土0.1 10.7土0.2 107土0.3
Eubacleria 9.7土1.0 8.2:t0.5 9.3土0.6 7.9土しO Eubacleria 87= 1.8 8.3=0.8 7.9=12 8.5土1.3
Peplococcacωc 6.7二2.4 7.7+ 0.7 6.6土0.5 7.1~ 1.() PeplωocωC回 e 8.4士1.8 8.1之l.2 7.2土12 9.5:t0.9 
BtlldobaClena 9.5二0.2 9.6土0.9 9.8土0.7 10.4:t0.5 a 81fidobaClenu 8.4:t0.5 8.8土05 8.6土1.0 8.8:t 12 
Laclobacilll 10.0:t0.2 8.9土2.3 9.1:土1.5 9.6:t2.5 Laclobaci 1i 8.6:t2.2 8.1土12 9.1 + 1.3 76:t27 
Slreplococcl 7.8土0.2 73=0.9 8.2土0.6 8.4=0.9 SlreplOCOCCJ 7.8=0.3 7.7=0.3 7.5守 0.5 8.1:t0 4 
St.aphyloc∞じl 3.7:t0.5 3.8:t0.2 3.8土0.2 3.8:t0.3 Staphyloc恥;Cl 5.9:t0.4 5.0:t0.6 4.5玄0.6U 5.4土0.7
EnLCrobaClcnaじcac 8.8:t0.l 7.9土O.4b 8.2:t0.6 公.4:t0.9 En lerobactcri accae 92=0.2 8.8:t0.6 8.9:t 1.1 90土0.9
Tot.al viable counlS 11.1 :t0.2 10.9土0.2 11.1 :tO.l II.O:t0.4 ToωI ¥'table count:雪 11.1主0.2 11.1土0.1 10.8:tO.l 10.9土0.2
Rauo of btfidobactena 10 R必ioof bifidobactena to 
lOtal vlable coun凶(係) 2.8ヱ0.7 12.2:t 14.4 9.9土6.9 24.7:t4.9b total viable counts (%) 0.4:t 0.5 0.6土0.4 3.0土5.4 2.0:t2.1 
See footnotes ofTables A-13姐 dん 14. See footnotes ofTables A-13却 dA-14. 
Table A・16Effectof diets contmaiincirno。σn5%kombu.司 wakαme and Table 18 Effect of diets containing 5%αrαme，moこukuand 
mekabu on cecal microf1ora in rats uωαon cecal microflora in rats 
Organisms Conlrol Kombll Wakame Mekabu Organisms COnlrol Arame Moこuku Aosα 
8actcroidaccac lL.1土0.2 10.7:t0.l a 10.1 :t0.3 b 10.2:tO.3 b BacLcroidaceae 10.4:tO.1 10.7土0.5 103:t0.3 9.9:tO.3 a 
Eubacteria 9.5:t 1.0 8.5:t 1.7 7.4:!: 1.5 8.5土1.3 Eubactcria 8.4ご1.0 8.8土0.7 8.S:!: 1.0 7.8士1.1
Peptococcaccac 9.0:t 1.6 8.7土0.6 7.2ヱ0.7 8.2:!: 1.6 Pepl∞∞caceac 7.2土0.7 8.8:t 1 3 9.2:!:0.9a 8.6:!:0.8 
Bifidobacleria 9.9:t0.5 9.4土1.8 7.6土1.0a 9.9土0.3 B i fdobactena 9.5土1.5 8.8:t 1.2 9.2土0.8 90士0.4
Laclobacilh 100土0.4 8.1土L.3 7.2土0.5b 9.0:t0.3a Lactobacilh 9.8工0.9 8.4= 1.4 8.3土0.7 83::!:O.6 
Strepl∞OCC1 7.3土0.4 7.6土0.3 7.2土0.2 7.1 :t0.9 S tre plOCOCCl 7.3=0.7 7.2:!:O.3 7.8土0.9 6.8士0.8
Staphyl∞∞Cl 4.3土0.4 45土0.1 3.5土0.3 4.9:t0.7 Staphylococci 4.8土0.5 4.9:t0.4 4.9::!:O.6 4.5士0.6
Entero凶clenaccae 7.2土0.6 7.6ヱ0.1 6.3土0.4 62±0.la Enlcrobacteriaccae 7.8主0.7 72:t0.5 8.7:t0.7 6.0ヱ04b 
Total viablc counts 11.2:t0.2 10.9土0.3 10.3土0.1b 10.5:!:O.2 b Total viablc counts 10.7土0.3 10.9:t0.3 10.5土0.3 10.0土0.3u 
Racio of bifidobacteria to Ratio of bifjdobacteria to 
to凶 viablecoun凶(%)8.0:t5.8 18.5土12.8 1.2土2.0 23.6土6.0a to凶吋ablecounts (%) 14.7:t 15.2 9.9土192 17.5土17.1 16.7:t153 
See footnotes of Tables A・13祖 dA・14. See f oor.notes of T ab lesA -14姐 dA-15.
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Table A・19Effects of diet cootaioing 2 % laminaran， carrageenan or agar on 
body， fecal， cecal aod liver weight in rats 
Control LamlOar姐 Carrageenan Agar 
!runal body weight包) 64土2 64土3 64土i 64:t2 
Body wetght gむn包17days) 45:!2 39j:6 42土3 36土7
Feca1 weight (g 1 day '4 rats) 0.34土0.08 0.27土0.15 2.24:t0.36b b 1.42上0.40
Ce回1weigTt (g / 100g body we諺:bt)l.38:t0.21 2.52土0.71a 1.85:t0.19 a 1.36上0.24
w必1weight 0.13土0.02 0.20土0.06 0.16:t0.02 0.15土0.01a 
1.70:t0.20a coaほ瓜we沼ht 126士0.20 2.32土0.63 1.21土024
Liver wetght(g I 1∞Ig body weigbt) 5.81ごと0.28 6.07土0.41 5.79:t0.38 5.28土039
See footnotes of Table A-l. 
Table A・20Effects of diet containiog 2 % high or low viscous sodium 
alginate on body， fecal， cecal and liver weight in rats 
Control HAG AG5 
Initial body weig.ht包) 61土2 60:t3 60土5
Body wei.ght gain (g 17 days) 46土3 42:t6 42土l
Feca1 weight (g 1 day 14 nu:s) 0.45:t0.09 1.11土o.n 0.45土0.33
ce回lw釘ght(g 1100g body weight) l.19:t0.26 2.13土0.83 3.14土0.71b 
wal1 weigbt 0.14ごと0.02 0.19土0.03a 0.22エO.04b
conant weight 1.05土0.24 2.00:t0.92 2.99:t 0.73 b 
Liver weigbt(g 1100g body weight) 6.12:t0.68 652:t0.57 5.63j:0.14 
See footnotes of Table A-1. 
HAG; higb viscous sodiwn alg.inate. AG5; 10w viscous alginate. 
Table A・21Effects of diets 2 % containing lamioaran， caηageenan or agar 
00 the cecal pH，包nmoniaand SCF As in rats 
Conlrol Lanunaran C訂rageen釦 Agar 
Ceca1 pH 6.93::!:0.16 6.02土0.23b 7.53:!: 0.30 a 7.50:t0 23 a 
Ce伺1am.monia (μg/g) 1185:t507 96&土206 1000土ηo 571:t 155 
SCF As (mg/g) 
Lactic aαd 0.53土0.44 0.58:t0.21 0.04土0.04 0.23土0.10
Acetic acid 2.1:t0.77 1.77土0.80 0.76j:0.37 a O.92:t020 a 
ProplOniC acid 0.84=:0.16 1.乃土0.493 0.35:tO.16b 0.42:!:0.13 a 
D-Butyric acid 0.48:t0.18 1.11土0.2&3 0.21土0.07 O.27:t0.15 
SCF As: S.hort-chai.n f侃.yaci.ds. 
・ Significanc differ回 cefrom the∞atrol: a p<0.05， b P < 0.01. 
Table. A・22 Effects of diets 2 % containing high or low 
viscous sodium alginate on the cecal pH， 
ammonia and SCFAs in rats 
Conlrol HAG AG5 
Cccal pH 7.51=025 7.21こと0.62 6.41ェonb
Cccalammorua (μg/g) 868土134 778土396 1530土552
SCFAs(m鈎)
Lactic aci.d 0.41エ0.18 0.37:t0.28 0.22土0.10
Acetic acid 1.81土0.61 1 74土0.76 0.64:!0.34<l 
Propioruc aci.d 0.86=011 0.65二0.16 0.32:t0.1 b 
n-Bucync aci.d 0.40:t0.04 0.29:t0.20 o 1&:t0.14 a 
See footnotes of Table A-2l. 
Table A・23 Effects of diets 2 % containing lamjnaran， caπageenan or 
agar 00 the levels of serum lipid in rats 
Conlrol Lamlnaran Carraeeenan 
Scrum TG (mg I 100 ml) ~ 1土51 ~14土38 175土24
Scrum TC (mg 1 1∞ml) 98之10 L02土14 86ェ8
Scrum HDL*J (% orTC) 55土10 63土13 5L:t6 
Scrum NEFA (.u Eqバ) 342土51 465:t 161 440:t218 
See footnotes of Table A-7. 
怠JHigb density tipoproほ阻cbolestero1.
Table A・24Effects of diets 2 % containing bigh or low viscous 
sodium alginate on the levels of serum lipid in rats 
Conlrol HAG AG5 
Serum TG (mg 1100 ml) 217土49 159土59 114土37a 
Serum TC (mg I 100 ml) 113土10 103土18 83土1a 
Scrum HDL (% 01' TC) 42土8 43:t9 55土5
Serum NEFA (μEql) 330土94 235:t6 284:t92 






Table A・2SEffect of diets containing 2 % laminaran、caπagecnan
or agar on cecal microflora in rats 
Organisms Conlrol Lamlnaran ca打agccnan
Baclcroldaceac 10.6j:0.4 10.6土0.4 10.6j:0.3 
Eubactcna 7.~:::2.1 6.9土0.3 53:t 0.2 
PeplOCωcaceac 10.1之0.8 8.9:t 1.0 8.5土1.3
Bifidobactena 10.2二1.1 10.5:tO.5 9.3土0.5
Laclobactlli 9.2j: 1.2 9.6土0.5 9.6:t0.4 
StrcptωωCI 9.2j:0.4 8.9ごと0.3 7.3j:0.5 
Staphylococcl 4.0土0.0 N.D. 3.4:tO.2 b 
Enlerobactenaccac 9.0土0.8 9.1土0.4 10.7土0.3a 
TOlal vlable counlS 11.2土0.4 11.0土0.2 11.0j:0.3 
Ratio 01' blfidobactena lO 
[0凶 vlable∞unts(Cfo) 22.5j:21.1 37.1土24.4 2.6:t2.8 
See fOOOlotes ofTables A-13 and A・14
Table A・26Effect of diets containing 2% high or low 
viscous sodium alginate on cecal microflora 
10 rats 
Organisms Conlrol HAG AG5 
Baclcroidaceac 1O.8j:0.2 10.4ェ0.5 10.1+0.6 
Peptoc∞caccae 1O.4:tO.2 9.7土1.0 10.1 j:0.8 
Eubactena 9.1土1.2 9.7二0.8 8.9土1.7
Bilido凶.cte巾 10.0土1.7 10.0土1.3 11.1土0.4
Lactobacilli 9.2土1.4 9.I:t2.1 10.1土0.2
Su宅plOCOCCl 8.0主0.9 7.3土0.5 7.1:土0.5
Staphy1∞∞ci 4.6j:O.2 4.5:tO.5 3.7土0.3b 
Enterobacteriac回e 8.4:t0.4 8. 6::!: 0.5 7.9:tO.9 
Total vlable ∞unlS 1 1.1土0.2 ll.l j:0.3 11.3土0.3
Rano of bifidobactena to 
total viable ∞unlS (%) 32.1土21.4 30.7:t25.8 56.2土13












Table A・27Dose effects of larninrao 00 body， fecal， cecal and !iver weight in rats 
Control 
Iniual以xly帆elghl(g) 59::!:3 
80dy welght gain (g 17 days) 45土l
FecaI wClght (g 1 day 14 mlS) 0.20:t0.13 
Cecal蜘cighl(g 1 100 g body weight) 1.22j:0.41 
Liver wClght (g 1 100 g body weight) 5.97j:0.33 
Sec ~∞tnotes ofTable A・21.
Diers con.taining laminaran 
0.4% 2.0% 8.0% 
58j:4 58土3 58:t2 
46土4 42土3 39:t3 (J
0.08土O.侃 0.05土O.ω0.36土0.2:?
1.90土0.52 2.91土0.43b 430土1.23b 
6.21 j:0.41 5.68:tO.28 5.58土0.28
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Table A・28Dose effects of low viscous sodium alginate (AG5) on body， fecal、
cecal and liver weight in rats 
Dle岱∞Q.UUJllngAG5 
Cυntrol ().4% 2.0係 10.0rt 
Imual tx向.¥¥'Clghl (g) “::5 







Fc(.-al ¥'clght (g 1 da)・14mts) O.18:tO.()4 
Cccal wcight (g 1100 g body weight) 1.71 j:O.32 










Scc f，α)tnOlcS 01' Tablc A・21. 、，
Table A・29Dose effeds of laminar加 onthe cecal pH， cecal ammonia 
and levels of serum lipid in rats 
。iets∞瓜ねning1組担釘組
Conrrol 0.4て及 2.0(克 8.0t:r 
Cecal pH 6.~土 028 5.81 :tO.46a 5.28土O.ヌ)b 5.45:tO 45b 
CecaJ ammonta (μg I g) 907二97 1036主196 882土93 561j:97b 
Pla<;ma TG (mg 1100 ml) 282土73 203土35 192土31 105j:33b 
P1asma TC (mg I1∞ml) 102土7 98土3 97土13 99土13
Pla<;ma HDし(o/cofTC) 65土4 61土8 63土1I 84土43
Plasma NEFA (μEq 1/ ) 657土山8 657 j: 252 1009土413 967土286
See footnotes of Table A・23.
Table A・30 Dose effects of low viscous sodium alginate (AG5) on the 
cecal pH， cecal ammonia and levels of serum lipid in rats 
CecaJ pH 
Cecal ammoma (μg 1 g) 
P1asma TG (mgll∞ml) 
P1asma TC (mg 1∞ml) 
Plasma HDL (% o[ TC) 








See foomotes ofTable A-23. 
Diets ∞ロtruningAG5 




78:t 18 76= 12a 80::!:6b 
76土4a 57土4 49士Ib
744十 103 665土113 416j:244 
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Table A-31 Dose effect of laminaran on cecaJ microOora in rats 
Die岱∞瓜鎚血nglamtnar姐
Orgamsms Conlrol 0.4% 1.0(耳 8.0% 
Bacter・oldaceac 10.6土0.1 10.6土0.6 10.9二0.2 1 O.8:!: 0.4 
Eubactcria 9.1土0.5 805:!: 1.6 7.8土1.2 ~.4:t 1.2 
Peptococcaceac 9.0二1.2 8.4:!: 1.6 9.1土0.9 9.8:::0.3 
Bi fidobactena 9.6土1.1 10.6士0.7 10.6:t0.5 10.1 :t0.4 
Lactobacllli 10.0:t0.2 9.6:::0.4 9.9土0.3 10.2二0.4
StreptOCoccl 8.4土0.9 8.4:t0.8 8.6:t0.O 9.5:!:0β 
Staphylococcl 3.9土0.1 4.1土0.4 3.3( 1) 3.6土03
Enterobactεnacωe 9.4:t0.5 95土1.0 9.4土0.3 10.3土0.2a 
Tot.al viable counts II.O:t0.1 11.1土0.1 11.2:t0.2 1.3 :t0.3 
Rauo of bilidobactena to 
to凶、iableCOUnlS (%)げ4土19.1 45.8土31.9 29.9:::26.4 13.5土1O.1
See foornotes of Tables A-13 and A・14.
Table A・32Dose effect of low viscous sodium aJginate (AG5) 
00 cecaJ microt1ora in rats 
Diers∞nta組ingAG5 
Organisms Conlrol 0.4% 2.0勿 10.0% 
Bacleroldaceae 10.4之0.2 10.1土0.6 1O.3:tO.2 10.4士0.4
Eubacteria 8.5土1.6 8.7:tし9 9.1土1.4 9.9土0.5
Peplococcaceac 9.1 :tO.6 97=0.5 7.9土1.1 9.5二0.3
81 fi dobacteria 9.3:t l.l 10.1土0.1 10.0土0.1 9.8:t0.4 
Laclobacilli 8.3:t2.2 9.8土0.2 9.4:t0.5 9.5土0.2
SlreplOCoccl 8.7:t0.5 8.8主0.3 7.9土0.5 9.1:t0.3 
Staphyl∞occi 4.3土0.1 3.6土0.3a 3.9主0.7 4.3:t0.3 
Enterobacleriace記 9.6土0.2 9.5:t0.6 9.5土0.3 9.3=0.2 
To凶 viablecounts 10.8土0.3 1O.8:!:0.3 10.8土0.1 10.7土0.1
Rano 01' bifidobactena lO 
tOLaI viable counLS (%) 1O.8土12.4 2.3.9:t 13.3 18.6:t4.1 16.2:t 12.5 
See foornotes of T幼lesA-13 and A・14.
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Table A・33Effects of polysaccharides of arame 00 body， fecal， cecal and liver 
weight in rats 
Conlrol 5(<<αrame 0.75%引 ') ')1完F2 1.51k日
J OJlal以xiy¥ elght (g) 而工2 65-t3 65::: 1 64::: :2 65土3




Fecal welghl (g I(UJ.} 14 raLS) 0.71 =0 25 
Cecal ¥'cighl (g / 1∞g加dy¥¥clght) 0.94:t0.12 
Liver weight (g /100 g body weight) 5.79土0.32
4.98.0.75b 104+01お1.&>-+-0.3ゆ
zα)どO.llb1.41:!:O.15b 1.37士O.:2IU
5.77と0.38 609:t0.23 5.40:t0.32 
Scc footnolcS ofTablc A-l. 
FI; 0.1 N HCI extraxt. F2: 17c. NaCO. c，lracl. F3: msoluble conlenls 
Table A・34Effecls of polysaccbarides of arame on the cecal pH， cecal ammonia 
and levels of serum lipid io rats 
Control 51及。rame 0.75勿 FI 2.217e F2 1 .5~ F3 
CcωJpH 7.44之0.16 7.48ヱ0.05 6.90:tO.243 7.53:!:0.14 7.47:tO.09 
Cccal ammonia (μg / g) 8:!0土38-1. 238土90U
Plasma TG (mg I 1α) ml) 191二12 151エ19u 
Plasma TC (mg I 1α) ml) 89士46 59土3
Plasma NEFA (μEql ) 616土63 649土39
See footr1otes of Tables A・7and A-33. 
Table A-3S Effect of ar.αme methanolic extract 
00 weights of body， feces、cecum




Initialbodyweight(g) 63+3 64:t3 
Body weight g氾n(gndays) 44""2 46=3 
Fecal weight (g/day/4 ru:s) 0.50:t 0.50 0.54土0.10
Ce田1weigbt(gllOOg bodyweight) 1.40:!:O.34 1.71ごと0.25
Liver weight (gllOOg body weigbt) 5.72:t 022 5.51 :t0.06 
See f∞凶oteof Table A-l. 
109 
l067:t82 454:t93 782:t 159 
136ご31U 165主 :!6 118::: I7b 
60土I1 84土:!O 58土9
690土149 759二凶6 525之77
Table A-36 Effect of arame methanolic 
extract on cecal pH， cecaJ 




Ce伺 1pH 6.73土0.236.61 :!:0.41 
Ce回1ammno瓜a(μg/g)560土100 530:t195 
P1a.smaTG(mg/l00ml) 217:::65 124エlla
Pla.sma TC (mgI100ml) 117土16 130二18
See foornote ofTable A-7 
Table A・37Effects of polysaccharides in arame on cecal microflora in rats 
Organisms Control 51?fαrωne 0.75%引
Bacleroldaceae 8.9~0.4 10.2:t0.4b 10.0:t0.4 a 
Eu凶.cleria 8.6土0.4 8.5:!: 1.1 9.3:!:0.4 
Pept∞α:ωc阻 C 8.1:1:0.7 8.9土0.6 9.7土0.7a 
Bifido凶.clena 8.2土0.5 7.9土1.0 9.8:!:0.7a 
Lactobacilli 8.5土0.4 6.8土0.83 9.4:t0.4a 
St陀 plOC∞ci 7.2土0.3 6.5土0.3 6.3土0.3
S凶phyloc∞CI 4.3土0.5 3.8:1:0.3 4.0土0.5
Enterobacteri3ceae 7.8土0.5 8.8土0.4a 8.4土0.5a 
T otal viuble counts 9.3:1:0.3 10.4土0.4b 10.5土0.4b
Rauo of bifidobacteria to 
ωta! vtable coun岱(%) 8.6土6.6 2.8土5.~ 24.6:1:20.4 
See footnotes ofTab1es A-13. 14組 dA・33.
Table A・38Effect of arame methanolic extract on 



















Ratio of b出dobaαeriato 
ωta.I viab1e cou凪s(%) 33.0土23











.，..，勿 F~ 1.5% F3 
9.8ニ0.4a 9.6:1:0.13 
9.7:1:0.7 9.2ごと0.1






10.2:1:0.4 a 10.1土0.2b 
24.6:1:9.3 15.6:1:4.2 
